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A large, previously unstudied amber deposit in British Columbia dating from the 
Early to Middle Eocene (50-55 Ma) provides a noteworthy new source of terrestrial 
invertebrates and other life forms. This deposit contains what are likely the earliest 
unequivocal ants (members of the family Formicidae), including extinct representa- 
tives of Technomyrmex Mayr 1872, Leptothorax Mayr 1855, and Dolichoderus 
Lund 1831. Discovering Technomyrmex and a corydiinid cockroach, both of which 
are currently restricted to tropical regions, confirms earlier evidence of warm 
paleoclimates and past biogeographic. distributions in the early Paleogene. Chemical 
■ analysis of the amber indicates that the source tree was an araucarian belonging to 
or near the genus Agathis Salisbury 1807, and demonstrates that this genus survived 
into the Tertiary in the Northern Hemisphere, since plrevious records revealed 
Agathis as a component only of the Cretaceous forests in North America. Com- 
paring the Hat Creek fossU assemblages in this deposit with those from the well- 
studied western Canadian Late Cretaceous amber deposits offers a unique opportu- 
nity to study extinction and speciation events on both sides of the Cretaceous- 
Tertiary boundary. 
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Resume 

En Colombie-Britannique, un important gisement d'ambre encore jamais examine et 
remontant au d^but-milieu de I'Eocene (50-55 Ma) a mis en lumiere une nouvelle 
source d'invertebrds terrestres et d'autres formes d'organismes. Le gisement 
contient probablement les plus anciennes vraies fourmis (membres de la famille des 
Formicidae), dont des repr6sentants maintenant disparus des genres Technomyrmex 
Mayr 1872, Leptothorax Mayr 1855 et Dolichoderus Lund 1831. La decouverte de 
Technomyrmex et d'une blatte corydiinide, tous deux maintenant restreints aux re- 
gions tropicales, confinne I'existence de paleoclimats chauds et met en lumifere les 
repartitions biogeographiques telles qu'elles etaient au d6but du Pal6ogene. Une 
analyse chimique a revele que I'arbre a I'origine de I'ambre est un araucarien appar- 
tenant au genre Agathis Salisbury 1807 ou I. un genre apparent^, et prouve que le 
genre a surv6cu jusqu'au Tertiaire dans I'hemisphfere nord, puisque des donndes an- 
terieures ont demontr6 (^'Agathis n'existait que dans les forSts du Cr6tac6 en Am6- 
rique du Nord. Par comparaison des associations de fossiles de Hat Creek dans ce 
gisement k ceux des gisements bien connus de I'ouest canadien k la fin du Cr6tac6 
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nous sommes en mesure d'etudier I'histoire des extinctions et sp6ciations de part et 
d' autre de la demarcation Cr6tace-Tertiaire. 

fTraduit par la Redaction] 

Introduction 

The Hat Creek coalfield of British Columbia (Fig. 1) spans more that 425 m of 
strata and contains several hundred million tonnes of sub-bituminous coal, making this 
one of the largest coal deposits in the world. Amber had been previously collected from 
various layers of the Hat Creek coalfield, but biological inclusions have nevgr been re- 
ported, aldiough the coal has been mined intermittently by a number of companies 
(Church 1975). On the basis of its inland isolation and general absence of marine or 
brackish water fossils, the origin of the Hat Creek coalfield is inferred to be a continen- 
tal (limnic) enviroimient, and probably represented a mixed open forest (Church 1975). 
Although most of the palynological evidence indicates an age of post-middle Paleocene 
to Middle Eocene for the coal measures (Hopkins 1980), a potassium-argon date on bi- 
otite from rhyolite overlying the sedimentary deposits has provided a minimum age of 
51.-2 Ma (Church et al. 1979). The combined data suggest an Early to Middle Eocene 
age, -or from 50 to 55 Ma, although portions of the coal beds could be older. The pres- 
ent preliminary study was undertaken to determine the range of biota that could be 
found in the amber, to identify the plant group responsible for the formation of the arn- 
ber, and to assess the future implications of the deposits. 

Methods 

After collecting amber from the coal layers (52°N, 122°W), the material was 
washed in a lukewarm water bath to remove soil, rock, and coal particles. The amber 
pieces vary considerably in size, ranging from small particles to larger pieces 3-4 cm in 
diameter. Most of the amber is almost clear to yellow, and some is white-cloudy and 
dark red. The inclusions were detected under a dissecting microscope and polishing and 
sorting was done by hand. Some pieces contain air and water bubbles as well as crystal- 
lized residues of plant and invertebrate remains. Samples of Hat Creek amber were sub- 
mitted for -analysis using nuclear magnetic resonance (NMR) spectroscopy. Ant 
specimens were sent to C. Baroni Urbani (Zoological Institute, Basel, Switzerland) for 
determination. All of the fossils collected during the present investigation will be de- 
posited in the Kelowna Museum in Kelowna, British Columbia, Canada. 

Results 

Nuclear magnetic resonance spectroscopy clearly indicates that the fossilized 
resin originated from trees belonging to the genus Agathis Salisbury 1807 
(Araucariaceae). This was determined by comparing spectra obtained from Hat Creek 
amber samples with spectra of recent, semifossilized (copal) and fossihzed (amber) de- 
posits of New Zealand which had previously been determined to originate from Agathis 
(Lambert and Shawl, unpublished results 1997; Lambert et al. 1993). 

A variety of fossils occur in the Hat Creek amber samples (Figs, 2-7), However, 
it should be emphasized that this was a preliminary study to assess the potential of 
these deposits for studying aspects of the paleoecology and paleoclimatology of this 
Eocene forest. From approximately 5000 pieces of amber from Hat Creek which were 
examined, representatives of the following groups were found: Insecta [Diptera, 
Coleoptera (Fig. 7), Hemiptera, Blattaria (Fig, 3), Thysanoptera (Fig. 5), Psocoptera, 
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Figure 1. Localities of Hat Creek amber and other fossil sites mentioned In tlie text. 1, Hat Creek; 2 
McAbee; 3, Princeton; 4, Nanaimo. 

and Hymenoptera], Arachnida, Nematoda, and plants (Fig. 6). These include the oldest 
recorded fossils of terrestrial free-living nematodes. Ants (Hymenoptera: Formicidae) 
thus far identified in these deposits (both workers and alates) are extinct species of tlie 
genera Technomyrmex Mayr 1872 (Fig. 2), Dolichoderus Lund 1831, and Leptothorax 
Mayr 1855 (Fig. 4) (C. Baroni Urbani, personal communication). 



Discussion 



The present study provides evidence that Agathis survived the Cretaceous-Ter- 
tiary extinction event in the Northern Hemisphere and was a significant element m 
western North American forests in the Early Paleocene. There are no extant species <jf 
Agathis in the Northern Hemisphere; all are restricted to the Southern Hemisphere to- 
day (Whitmore 1980). The presence of Agathis in the Pacific Northwest during tlie 
early Tertiary is supported by araucarian megafossils: an extinct species of Araucaria 
Jussieu 1789 was described previously from the Middle Eocene McAbee Beds, not f;ir 
from the Hat Creek coal locality in British Columbia (Verschoor 1974). 

Other studies of fossil resins have indicated that Agathis was an important forest 
component in the Northern Hemisphere in the Mesozoic and that it produced all of tlie 
Cretaceous amber in western North America (Lambert et at. 1990, 1996). Megafossils 
of araucarians which could be Agathis or a closely related genus have also been ns- 
ported from Cretaceous deposits in the Pacific Northwest. In a synopsis of the flora of 
the Upper Cretaceous Nanaimo Group of Vancouver Island, Bell (1957) described fos- 
sils (Dammarites Presl 1838) that resemble living Agathis. Other Pacific Northwest 
sites with araucarian megafossils include the Lower Cretaceous Spences Bridge Grovip 
of the Princeton area in British Columbia (Rice 1947). 
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Figures 2-7. RepresentaUve life forms in Hat Creelc amber. 2. A worlcer ant of tlie genus Technomyr- 
mex Scale bar = 0.4 mm. 3. A cocliroacii of the subfamUy Corydiinae (Polypliagidae). Scale bar = 
1 mm. 4. A worlter ant of the genus Uptothorax. Scale bar = 0.42 mm. 5. A thrips (Thysanoptera . 
Scale bar = 0.17 mm. 6. Portion of a bryophyte. Scale bar = 0.45 mm. 7. A beetle larva (Coleoptera). 
Scale bar = 0.17 mm. 
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(Atkinson et ixl. 1.991). There are no native cockroaches in western Cauteda today 
(Kevan 1979). These and other amber insects ^'indicate a subtropical to tropical climate 
in the Pacific Northwest some 50-55 million years agOj which is supportive of previ- 
ously derived conclusions from analyses of fossil plants assemblages from this period 
and locaUty (Verschoor 1974; Hopkins 1980; Wilson 1996). 
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